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[If 1 ] 

So 

im^m 2 1 

WL4^m^m^^m±xmm-t^'f'^^ t'}Tir ^-^m\'^xnhfi&i>(Dx;^^, m^T^i 

m-^m3izmm(o-:fjmo 
im^m 5 1 

mM^m.Wi^hMtS^M±xm^mi-^^^^ Ti^ RWV (Rotating-Wall Vessel) "C- 

IW^:^ 6 1 

'Wmmm(ommm&-^no^ -10'' /cmK m<Dmmmmi!)^^^5cm^ y ^tjuKMLxs. 5-2 

[W 7 1 

[li*:^ 8 1 

9 ] 
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[0 0 0 11 

^ o 

[0 0 0 2] 
[0 0 0 3] 

^ it&-^^^=f±^\^>mmt^mm^i,zitmLx Lt d rztt>^ *t^2^7c^«L;d>ai6^ 

[0 0 0 4] 
[0 0 0 5] 

■^(^([>to-e*-SRWV(Rotating-Wall Vessel) {±. W&kH'^^^'LfzlfT.^^mm.^mk.fz 

^vr^ ^-f^iz-^mwL^mfzL. mm^tmuLfz^k. ^<DFin<D7Kw-mijiPiK^'oxm 

L T 100^0 lS!£<om/jNM:dm:»i:^ -So L7^c5ii-'oT. mmi^mm^izi^—izMm^fi 
fzmxi^mt^^t-^^-Simt^j:^)^ MMLX. ;^§^:mi^%*-?^^t?#<2,o 
[0 0 0 6] 

RW<Dmzi>, RCCS (Rotary Cell Culture System"^" rSynthecon Incorporated) -^SD-c 

linostat^if. ^m(Dm.whmt}m.m^mm-r^'^m7!)^m^-^tL (m£{^> ^w:scm2- 

mz^s^^m-XtLx^mi^ivx\^^^ m^i^. #fl=:S:i^5~8#BB) „ 

M^TX<D^^m.l^m^ o r {i . PLGA^ i: ^'WBB. t(D=i>^'Jy 

10 0 0 7] 

w^m^ziimm^^^ t\^^ofzmmi>mi-^o LtzTb^-^x, ^'Wiik^<omm,t:mmLfz. 

[0 0 0 8] 

[#M^:ScS^i] 7itii#K=5, 002. 8 9 0-f- 

[mmcm2] #r^^8- I 7 3 1 4 3-^ 
mWf^XmS] ^m^9 - 3 7 7 6 7-^ 
[#i^^5:m4 ] #§12002-45173-^ 
[#^S:m5] *S#i^=5, 1 5 3, 1 3 3-f- 
[#^:i:S^6] :JH:iI#^5, 1 5 5. 0 3 4-f- 
[i^WXm?] ^m!^Wf^6 , 1 1 7. 6 7 4-^ 
[#l!=Dtm8] :JitS#ti^6. 4 1 6. 7 7 4-t 
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[0 0 0 91 
10 0 1 0] 

o ^hiz. RWV(Rotating-Wall Vessel) /"^W :t >; T iJ' - ^grffiv^T, «/hm;(3^:KTT- 
^m-r^ i I' i 19 , 5&^#ai^=£ri|#gy'5:J£^*t*l-«:?IJffli-* CI t =& < «^-e§ i 

[0 0 1 1 1 

=lr #^-t * M ^ o 
[0 0 121 

[0 0 131 

IfrlB^^M^rUTiJ'^-t LT{4. l|4li]4E^^NM:^-';T^'^-/65Mt L<. -^Jx-JfRWV 
(Rotating-Wall Vessel) If ^ i ^t&^I?^ -So RWV (Rotating-Wall Vessel) Srfflv^/iJiF 
^(Dmm^kmi. m^it. m«^£ElO^~10Vcm\ IS^^S8.5~25rpm (it^Scm^yb 
^v) M-e^-S^i*, ^:^^^c|JI^$:^^^ feo-C{4^;v>o 
[0 0 141 

o 

[0 0 151 

[0 0 161 
[0 0 171 

Am^Ki^^m^fltzWi^^Mtl (simulated microgravity) W^^^M-f^o i^Lfc^ 
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[0 0 1 8 1 

m^i^Lxmm<DMt) (g) m/io-i/mmmx^^:Lti!)mt\^^^^o 

[0 0 19] 

2. v'^■<:tU7^^- 
o ^OX^^j:^^^ tV7^ ^-tLXii. RWV (Rotating-Wal 1 Vessel : US 5.00 
2,890) X RCCS (Rotary Cell Culture System'^" :Synthecon Incorporated) ^ 3D-clinost 
&U ^hV'iza^^W-S-l 7 3 1 4 3-^. 7 7 6 7^. i3 i t>*i|#P?fi 2 0 0 2 
- 4 5 1 7 3-f■Hi^m$^^Tv^-& J;^;^^)(7)=£:^v^<&Cli:5&«t?#*o ^;&»-e*>, RWVisJ: 
([FRCCS{i;^r;^iScMtg^£-'!tx.TV^Si:v^^,irT'^^xTV^-2,o tfc. im^tzm^Xii. 

im^<omm^^'(^ t')7^ ^-(Dl3:^i}mtL\^^o (m^i£. 2|ft^<7)clinosta 

t^) T*{±> -ffif^^ti i'y^r^hu:^) =Srft/Mb-t-'l>ii:56-'-e§1^. ttz^>zr)U^i^ 

[0 0 2 0] 

i^mwL^mfzi.. mu^mmx^tz^ik. 't(Dnm<D7m-mii\p\^z^^xmm\^-^£ifh'mm^ 

[0 0 2 1 ] 

izm DTTtfi:!^^^ Mx. tfieS5cm(^^ y -tr;v=l:ffl V^TtJ^^-C* tLtf 8. 5~25rpm5gjg 

■t^MtHi^Mi^l,zm±<Dmti (g) <^l/10~l/100gmt ^;;&o 
[0 0 2 2] 

3. 'wmmm 

:^mMxi±m'Wmmm<Dmnt Lx-wmm^m^^^^o ^^mmizm^^h^^^mm 
{±^ ■ mmmtii^^^^^^t(Dmmx^^. mz'wm.^^<7)mm9hnmmwt l 
v^o Hjie»(±> m^L^tL■/■z^mmm^(o^i7!)\ .m#o^#:y&>^#g|;^tL7t#ii»^$f 
mzm^^^^tiiix^^o mmmimmii^hnM^fifz^. "Bmizm.-oxi^^m.m.m^m 
^Lxmmir^;it-^mtv\^^o tfz. ^^tci i9-^^«^^fv^ 'f-tbmm^^x7!)-h 

[0 0 2 3] 

4. ,«cD:^«^^ 

m^<D^m iiZM'^m v> hti^mm ^ . mm<7)s^mz^iD^xm±mA.xm ^^&z.t t!}^x i 

So t^;. FBS (Sigma1±S^) ^ Ant ibiotic-Anti mycotic (GIBCO BRLtt^) 

[0 0 2 4] 

^'i'm^'fk'Kil#ffl=^:t-r'5>> r^^^^^^J^y^ FK-506^vi^ 
n;^7h°V >^<^^^PP$il^J. BMP-2> BMP-4. BMP-5^ BMP-6. BMP-7:S.t;^MP-9^0#?^^^ 
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>^^^M (BMP: Bone Morphogenetic Proteins) , TGF-^#<^'i'S^?i^14S^75»<b^{fix 

Bttiil,zmmi-^C:ttl^iff-iL\r^o ClOJiF-g-, TGF-/8lilng/ml-10ng/mljggP. •f'^-y- 
^y:^{4100nM«-±|?Bt LTiPx. e^t^o 
10 0 2 5] 

«<7?^«{4> 3~10%C02s 30~40*C. #iC5%C02. 37t:<^^#T-e=ff 7 C: tj&^'S^ L 
v»o :^«a!^{4^ #^ciJa5E$^^^v^*^ iI'-5&<t^7B. *f * t < (421-28 B t?* -So 
[0 0 2 6] 

#JC, RWV iUmcm^yt)V) ^i^m-r^^^. #flM^10^~10Vcm3oM5^iS-C 

*^^{^. mmmm(^itmi^mt^y '^)U(Dmm^mT!i^mmL. mmizM-t^m^t<oMtt(D 

[0 0 2 7] 

5. :^mm(7>mm 

[^»J] 
[0 0 2 8] 

1. ^■^^'wmm^mm^^mm(D^m 

(1) .'i'-^?-^'#ilfe5ferBl#mMJ!&<^P^ 

'>^f^#ilS5ltF^^mMJ!^{4^ 2ilS^60JW»5l(«S)<^:'^M#J: OManiatopoulos^O 
(Maniatopoulos, C. , Sodek, J., and Melcher, A. H. (1988) Cell Tissue Res. 25 
4, P317-330) liZ^K:>xnMLfZo ML7t,^|g^. 10% FBS (Sigma^iM) i5 J: t;«^Antibi 
otic-Ant imycotic (GIBCO BRLttM) i^tfDimX3MmKt>^^X^mL. mM^'^tio 
[0 0 2 9] 

(2) ^■^^'»^^^mm^mmm<^mm 

±^<^2:dl,ZLxmmLtz^-^^'WmA^rmmmnmm^. lO-'U DexamethasoneOigm 
att$^)x lOng/ml TGF-^3 (Sigma=r±m)x 50//g/ml T;^ =f ;i'e>SI(Wakoil), ITS+Premi 
X (BD01i) . 40//g/inl L-proline (Sigmattt^) ^ J: Z>'Antibiotic-Ant imycotic (GIBCO BR 
U±m) ^-^tfDMEM^*?^ (SigmattS^) lOmUC, 1 x 10^ cells/ml t J; ^ tcM^ 4 
mm kZi^fz-o T»S^« {^Vy Y ^#) ^> L < {4RWV/nM ^i" U T 25^ - (Syntheconttft^ 

[0 0 3 0] 

mmj^m^t. i^isi\^--^)^i-^~^\,z±%zmmMmmQisi\^xfL. 50gT-5^Kit'C>LT 

K@5cm<7?^-;'-lr;i/^fflv^T. IHIk^ : 8.0~24rpm. 37t:. 5%(X)2 0#^#T-e 

RWVO|iII£jSSgg'fb«rll5 tC/jN-f) o ttz. ^fl&cOD^fgiltc J; r&^*^ C-S dttti^tg^ 

RWVO^-;/-fe;vi:. 15mln-:^7;i/f^j- o t^, ^m^(Om.m,n^ ^WiL 
fz^^^_mAK-nz-to 1I4-C% TRWVJ {4RWV=S:fflv^7tiIS^«, riGF-^ffJ tiTGF-/?'^^ 
JnLT^ToTt^Vy 10%FBSt±TGF-yff «-»-frri::^To7t'^Uy 
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[0 0 3 1 1 

(1) a^^fe 

t tc^v h^vV > • J^^v> (HE) . -9-7 7->'0^J:Z/T;Uv'T>r;W--C,^^^-fe 
^^;V^;i/T;i/7='li KT-^^ n j.-ygl^Lytil^^ §gB10«EDTA, lOOmM Tris(pH7.4) >f 

[0 0 3 21 

(2) 7}i^i} V y ^ 7 ^ -"ifm^ 

iiP^ri:twT;U:* U 7:t;^7r ^-Hf (ALP) ^SttiUJc^^ff oTto ALPvS'l4<7?iiy^ti. 
a^SrlOO mM Tris (pH 7.5), 5mM MgCh-e^^f^. ^ l^'f ^N'-T'*i6. 500^/ 1<^100 m 
M Tris (pH 7.5), 5njM MgCh, 1% Triton 1-100 izmmLXm^^^W^LfZo Wf^6, 00 
OgX-B'$i-mM'L-'LX ±m'^mULfZo ^*?&t§{±, 0.056 M 2-ainino-2-methyl-l,3-propan 
diol (pH 9.9), 10 mM p-nitrophenyl phosphate. 2 mM MgCh t3#±tt5/u 1 =^Jnx.. 37 
'CT-30^^-r y^^^- V Lfz^ik. i-CK-^^ ^u-fU- h V - ^-T'fR«S405 nm<D 
^itm^m^LX^if>fZo ^»*|{i^-nitrophenol«rfflv>Tf^tliL7to ite:^Sri2l 6 t-^l" 
o ^'^y^. TRWVJ {iRWV=£-fflv>/cIi]^^^, TTCF-ySj (iTGF-/? ^»tT^To/^^ V 
y 10%FBS(iTGF-)8'£:^Jn'^-rt::=fTo7t^^y h^«<7),^§*^^i-o 

[0 0 3 3 ] 

(3) 5ei:fi<jRT-PCR 

mm^^ i^uyh^m) i^J:rimn^mxnhfitz^fim<o^'wm.mz<:>\^^x^ i 

iiP^ftt-|fc##^6<jitf5^-T-* -2. collagen TypeII^Aggrican<^^m^*^l:fi«jRT-PCRtw 
[0 0 3 41 

^mm.^^-^h(7)mik<Dmmit. TRIzoI Reagent (Invitrogen) =lrfflv^/co ^l^feti-^n h 
3-;i/tctJ&v>, ai^=SrTRIzol4'-C^t^l?L/cOt>. 200;/ \ (D^ unyi^jui^^mtU. J: < M 
l9rI-^?■rl5000rpIn-eit'L^o V/n/-?y -;vf;tM, -)i'Ttm.(D^ik. DEPC^Kt::^^ L 

. tS.^jeil85et-J: «9it;S'^tt#L, ^1;/ gOtotalRNA^RTiC'K Lt^o 
[0 0 3 5] 

RTfi. h First-Strand cDNA Synthesis Using Superscript Illfor RT-PCR (Invit 
rogen) J: OTAKARA RNA PGR kit (AMV)Ver. 2. 1 (TaKaRa) LT^M t /Co First-Str 

and cDNA Synthesis Using Superscript Illfor RT-PCR{±. 50t: 60^> 70*0 15^(D^j^ 
TRT^;St^T*o7to TAKARA RNA PGR kit(AMV)Ver. 2. l(TaKaRa) {is 30t: 10:^. 42*0 30 
99*0 5^. 5*0 5^<^^#-eRTS/S«:fT^:o/Co KTXm\^^fzzf7^-^'-iii>ir<Dt^ 

[RTT'^^ V-] 

Aggrecan: 5' -cctaccaggacaaggtctcg-3' (K^J#-§- 1 ) 
Collagen type II: 5* -ccatcattgacattgcacccatgg-3' (iE^J#-^2) 
[0 0 3 6] 

U T;i/^'-f A PCRfi. FastStartDNA Master GYBR Greenl^-;' PGR^Mt LTLight G 
ycler(Roche) L. &.r<D-:f^ ^ -r- tmx,0k¥t-X%m\.fZo 

Aggrecan Forward : 5' -cctaccaggacaaggtctcg-3' (IE?!)#-f- 3 ) 
Aggrecan Reverse : 5' -gtagcctcgctgtcctcaag-3' (@S^iJ#-i- 4 ) 
Collagen type II Forward: 5' -ccatcattgacattgcacccatgg-3' (iS^J#-^5) 
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Collagen type II Reverse : 5' -gttagtttcctgtctctgccttg-3' (ie^J#-f-6) 
Denature I 9510 5^ I'^-i ^ 

Amprification: 95t: 15#\ 60*0 72*0 15li? 40•^^'f^;^ 
Melting curve : TOt: 10*!; 
Cooling UOr 30# 
[0 0 3 7] 

RT-PCRO^^«r|17 tc^-t (A '.Collagen type II> B : Aggrecan) o 7 0 rRWVj_ 

to 

[0 0 3 81 

7 9 - 0 i tFT ;V T y - T'^fe ^ tl i ^^TP ^ tL7t o 

ifc. 5EM6<)RT-PCRO|g:^;a^i^ColIagen TypeII^AggricanO%?i/?)^^?ie$tLfCo J-J^iO 

t •?) - ^i'^'-e i i i: «ig $ tLfzo 
[0 0 3 91 

2 ^^i:7c:^« L /ciB J!& * -9- 7'?!7 ;v ^ ^ - L ^^m. RWVe:^«-t 'S. t ^ ^ mmW^ hii^ 
[0 0 4 01 

i-;i,cii:;e>^T-i^<&o :*:^B^<^:^ft{i> ^mm^itiitx^. m^xmu<DW^^umtL 

[MB^J^7U-x^;^ M 
[0 0 4 11 

@B^J#-f - 1 -AXIB^JOIJS^ : -^^DNA (^"^^v-) 

3 - Axw.m<DmM : ^^dna ( •/ ^ v - ) 
ie^J#-^4 -AXiE^j<^^5§ : ^^dna (-fy-cr-) 

mm^-^ 6 - Axie^jora : ^mm 9 v-) 

[IIlM<^ftW=&^0^1 
[0 0 4 21 

[ml mm. mMmi<Dm^^^ \^^-j^^umhtimx;^^o 

[11121 m2ii. RWV<^^U'-fe;^ (±) i:15ml=i-*;V-f-i-7'iSr7r:1-¥X (T) 

[^3 1 Hi 3 {i. ^i&f^n 1 izx^xmm^fitz^'Wm.mm)^(om^^^^'r^M'c-^ 

i {±m : ^-rh^-yV y • J^^tv'v (HE) ^fe. f ^ : T;V'>T:x7';v-^'fe. T 

^ . ^J- ^7 9 ^ >' 0 ^'fe) o 

[1141 [114{i. :^«f^i:?^fiS;$tL^ca^m^it^b/c^)<^T'^*o TRWVJ 
(±RWV=^fflv^7tl5I^^«. .rTGF-/9j {iTGF-i5«r^SnLT^To7t^Vy 10%F 
BStiTGF- j9 =£-i^Jn-it-f tc^f o b :^«<^jfe*=£:^to 

[nisi ll]5{±s RWV<75llI^iSfg^<kSr^-riJ'*9 7T'ab^o 

[1161 116 }4> T;l':^ U 7*;^77 ;J'--fe*?SteilllSO^:^=|-7F-r^''97-C*^o 
yy^. TRWVJ {±RWVtfflv^/i|5i^^g. TTGF-^J {4TGF-y3 ^^JnLTtro/^r'^V 
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lm7] g| 7 t±RT-PCR<0^m (A: Collagen type II. B : Aggrecan) o ^"7-7^^^ [ 
RWVJ am^m^^fzm^^^. rTGF-y?J HTGF-p'kmtaLX^'^fz^Uy h^m<D 
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SEQUENCE LISTING 

<110> National Institute of Advanced Industrial Science and Technology, 
National Institute for Materials Science 
Japan Science and Technology Agency 

<120> Three-dimensional cartilage tissue generation from chondrocyte under simul 
ated microgravity 

<130> P03-1136 

<140> 
<I41> 

<160> 6 

<170> Patentin Ver. 2. 1 

<210> 1 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA (primer) 
<400> 1 

cctaccagga caaggtctcg 20 

<210> 2 
<211> 24 
<212> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA (primer) 
<400> 2 

ccatcattga cattgcaccc atgg 24 

<210> 3 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA (primer) 
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<400> 3 

cctaccagga caaggtctcg 



20 



<210> 4 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic DNA (primer) 



<210> 5 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic DNA (primer) 



<210> 6 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :S3mthetic DNA (primer) 



<400> 4 

gtagcctcgc tgtcctcaag 



20 



<400> 5 

ccatcattga cattgcaccc atgg 



24 



<400> 6 

gttagtttcc tgtctctgcc ttg 



23 
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15ml Conical Tube 
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[114] 



1 Week 



2 Weeks 




TGF-i3^Jn TGF-ZSI^in TGF-j3#SilP 



[HIS] 



25 
20 

a 

" 10 
5 
0 
















1 1 1 1 1 1 1 1 1 




01 2 34 5 6 7 8 910 11 12 13 14 

Day 
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o 

D 

c«M 35 
e 

S 30 



4» 

o 
c 
u 

Cm 
O 

g 



25 
20 
15 
10 
5 
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Alcaline phosphatase Activity 



HTGF-B 
□ 10%FBS 
BRWV 



Oday 



7days 




14days 




28day$ 



Culture Time 



F<0.05 by paired t-test analysis 



aiiiE#2 004-3122597 



#M 2003-413758 



^-y : 6/E 




aSiE^ 2004-3122597 



#02 003-413758 



miiE# 2004-312259 



#M 2003-413758 

m m A m m m m 



1 



1. ^^^EB 
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2 . ^-^^M B 

ft m 



[503360115] 
2003^10^ IB 
if^millPTt::$:lirr 4 TS 1 # 8 

2004^ AM 10 
it^m;i|PiU2^fflT4Tg 1#8-^ 
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[301021533] 
2001^ 4 M 20 
m^fP^^-tBaEE^^T*! 1-3-1 



maE#-^ aJiEi^2 0 0 4 
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1 . fgi:^^ 0 
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ft ^ 



#^2 003-413758 
m M A ® K It # 



[301023238] 

200l¥ 4^ 20 
^^^^ 
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